We assess a diffusion-weighted imaging (DWI) analysis technique as a potential basis for computer-aided diagnosis (CAD) of pediatric posterior fossa tumors. A retrospective medical record search identified 103 children (mean age: 87 months) with posterior fossa tumors having a total of 126 preoperative MR scans with DWI. The minimum ADC (ADC min ) and normalized ADC (nADC) values [ratio of ADC min values in tumor compared to normal tissue] were measured by a single observer blinded to diagnosis. Receiver operating characteristic (ROC) curves were generated to determine the optimal threshold for which the nADC and ADC min values would predict tumor histology. Inter-rater reliability for predicting tumor type was evaluated using values measured by two additional observers. At histology, ten tumor types were identified, with astrocytoma (n=50), medulloblastoma (n=33), and ependymoma (n=9) accounting for 89%. Mean ADC min (0.54 × 10 -3 mm 2 /s) and nADC (0.70) were lowest for medulloblastoma. Mean ADCmin (1.28 × 10 -3 mm 2 /s) and nADC (1.64) were highest for astrocytoma. For the ROC analysis, the area under the curve when discriminating medulloblastoma from other tumors using nADC was 0.939 and 0.965 when using ADC min . The optimal ADC min threshold was 0.66 × 10 -3 mm 2 /s, which yielded an 86% positive predictive value, 97% negative predictive value, and 93% accuracy. Interobserver variability was very low, with near perfect agreement among all observers in predicting medulloblastoma. Our data indicate that both ADC min and nADC could serve as the basis for a CAD program to distinguish medulloblastoma from other posterior fossa tumors with a high degree of accuracy.
Introduction
The term computer-assisted diagnosis (CAD), when applied to imaging studies, refers to the use of artificial intelligence to produce computerized schemes for detection and characterization of lesions in radiologic images 1 . This technique relies on computers to analyze diagnostic imaging and provide radiologists with clinically relevant information. Extensive literature describes the implementation of CAD for detection and diagnosis of a number of conditions including pulmonary nodules, breast cancer, and aneurysms 2, 3 . However, applications of CAD to neuroradiology, and in particular, to brain tumor diagnosis, have been relatively limited to date [4] [5] [6] . The goal of the present study was to test an analytic technique based on diffusionweighted imaging for classification of pediatric posterior fossa tumors that might be amenable to eventual automated use via CAD.
The information provided by conventional magnetic resonance (MR) imaging is often insufficient to accurately and consistently differentiate the three most common pediatric posterior fossa tumors, i.e., medulloblastoma, ependymoma, and cerebellar astrocytoma 7 . Although each tumor has certain characteristic
Materials and Methods

Patient Selection
IRB approval was obtained at our universitybased, tertiary-care facility and a waiver of informed consent was provided. A retrospective medical record search was performed selecting patients who had pretreatment MR scans using DWI at our institution between January 1, 2001 and December 31, 2011, were 18 years of age or younger at the time of imaging, and had histological verification of a posterior fossa tumor. Our search attempted to identify all tumors that could have an imaging appearance similar to medulloblastoma and the list of search terms included medulloblastoma, ependymoma, astrocytoma, atypical teratoid/ rhabdoid tumor, and choroid plexus papilloma; those five tumor types represent the vast majority of pediatric posterior fossa tumors.
Seven hundred and fifty two patients were identified; 367 patients were excluded due to unavailable pathology reports for posterior fossa pathology and another 200 patients were excluded because the patients did not have posterior fossa masses. Eighty-two patients were excluded because they lacked preoperative DWI; the remaining 103 patients (who had a total of 126 preoperative MR scans with DWI imaging) were included in the study. In total, 86 MR scans were performed at our institution and 40 MR scans were performed elsewhere. We performed an analysis using one scan per patient, i.e., 103 MR scans in 103 patients and in that sample, 75 scans were from our institution and 28 were from other institutions.
Image Analysis
All scans included unenhanced and contrast-enhanced axial T1-weighted images, T2weighted images, fluid-attenuated inversion recovery (FLAIR) images and DWI images. ADC maps were provided as part of the MR scan on our PACS system in 91 cases and ADC map analysis was performed on that workstation. In the remaining 35 cases, solely DWI images (and not ADC maps) were provided with the MR scan. In those cases, ADC maps were created and analyzed using the Functool ADC program on a GE Advantage Workstation version 4.4.
A single observer (hereafter referred to as rater 1) examined all ADC maps and specifically sought the lowest ADC values within the features, heterogeneity in imaging appearance limits confident diagnosis in many cases. For example, all three tumors can present in the midline, have cystic and enhancing solid components, and are relatively common in children around the age of five years old 7 . Distinction of medulloblastoma from ependymoma can be particularly challenging because of their typical location within the fourth ventricle 7 .
Diffusion-weighted imaging (DWI) has shown potential for preoperative discrimination of childhood posterior fossa tumors based on apparent diffusion coefficient (ADC) maps [8] [9] [10] [11] . Medulloblastomas often exhibit lower rates of microscopic water diffusion (i.e., lower ADC values) than other common posterior fossa tumors of childhood [12] [13] [14] . This feature is most likely due to the fact that medulloblastomas are characterized by a high degree of cellularity and often contain cells with a high nuclear:cytoplasmic ratio, which provides an increased number of membrane barriers to microscopic water diffusion 14, 15 . While not conclusive, recent work has suggested that ADC maps may be useful to noninvasively diagnose medulloblastoma using this characteristic [8] [9] [10] 12, 13, [16] [17] [18] [19] [20] [21] [22] .
A number of methods exist for measuring water diffusivity in tumors. These methods include measuring the minimum ADC value (hereafter termed ADC min ) within the entire tumor 15, 18, 19 , measuring the average ADC value within the entire tumor or within contrastenhancing portions of tumor 20, 23, 24 , normalizing ADC values within the tumor to those in normal tissue (hereafter referred to as nADC) 8, 14, 24 and using ADC histograms 12 . Most studies of nADC values are performed in a quantitative manner but some studies have measured nADC values by qualitative visual inspection 17, 19 . Each method has shown promise for distinguishing the major pediatric posterior fossa tumors from one another, but these studies have produced conflicting results [8] [9] [10] 12, 13, [16] [17] [18] [19] [20] [21] [22] . Furthermore, a number are limited by small sample sizes. For instance, although medulloblastoma is a relatively common tumor, numerous studies had fewer than ten medulloblastoma patients enrolled 8, 10, 13, 14, 17, 20, 23, 25 .
Among the various types of ADC measurements used in previous studies, ADC min and nADC appeared to have the most value 8, 24 . In this study, we set out to determine ADC thresholds that could potentially be used in CAD programs that would eventually aid in automated means for specific diagnosis of posterior fossa tumor.
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As an internal reference, a 30 mm 2 ROI was placed in the left putamen and right putamen, after determining that these structures had a normal appearance on other pulse sequences. These values were used to determine the ratio between ADC min and normal tissue, nADC.
Tumor Histology
Pathology reports were obtained using the electronic medical record at our institution. All diagnoses were unequivocal. Using the pathology report, tumors were classified into one of four categories: medulloblastoma, ependymoma, astrocytoma, or other.
Statistical Analysis
Analysis was performed in Rstudio version 0.94.92. Patient characteristics are shown in Table 1 with values represented as means with standard deviation.
The primary analysis examined the utility tumor. The placement of regions of interest (ROIs) in all cases was later verified by a neuroradiologist with 20 years of clinical experience and, when necessary, ROIs were placed in a more appropriate location. Both individuals were blinded to histological diagnosis. Circular 30 mm 2 ROIs, similar in size to those used by other investigators 18, 21, 26 were placed on the three sites having the lowest ADC values. ROIs were placed without overlap with one another. Fewer ROIs were permitted for very small tumors, which was necessitated in MR scans in six patients. ROI placement was guided by the fact that the regions with lowest ADC values are typically the darkest regions within the tumor on the ADC map. Thus, the initial placement of ROIs was guided by visual inspection to determine the regions of lowest signal intensity. Thereafter, the observer interrogated these regions to find the sites of lowest ADC values. In order to decrease the likelihood that low signal intensity regions represented areas of susceptibility related to hemorrhage or calcification, the ADC maps were simultaneously viewed with images from other pulse sequences and, when available, CT scans. The ob- *Other tumors consisted of atypical teratoid/rhabdoid tumor (n=3), choroid plexus papilloma (n-3), benign choroid plexus mass (n-1), glioblastoma (n=1), high grade teratoma (n=1), malignant glioneuronal tumor (n=1), and Rosai-Dorfman disease (n=1). The mean and standard deviation of measured minimum tumor ADC (ADC min ) for each tumor type is shown in column 4. Medulloblastoma has the lowest mean ADC min while astrocytoma has the highest. The mean ADC ratio (nADC) is shown in column 5 where medulloblastoma is shown as having the lowest value and astrocytoma as having the highest value. Medulloblastoma was correctly discriminated from all tumors and from ependymoma alone using minimum tumor ADC (ADC min ) and ADC ratio (nADC). Discriminatory ability was analyzed using receiver operating characteristic (ROC) curves. This was quantifi ed using the area under the curve (AUC), for which 1 is a perfect score. Optimal thresholds, calculated by optimizing accuracy, are listed in column 3. Sensitivity, specifi city, positive predictive value, negative predictive value, and accuracy are reported for each comparison using the optimal threshold. When distinguishing medulloblastoma from all other tumors, an ADC min greater than 0.66 × 10 -3 mm 2 /s excluded medulloblastoma in 97% of cases. remaining 97 cases by measuring ADC min in a fashion similar to that used by rater 1 except that ROI placement was not supervised by a neuroradiologist. Additionally, normal tissue ADC values used to calculate nADC were not measured. The number of discrepant readings for pairwise comparisons between the three raters was calculated. Discrepant readings were cases in which one observer would predict a different tumor histology, using the optimal AD-C min thresholds, compared to a different rater. Agreement was reported using Cohen's kappa statistic for each pairwise rater comparison.
Measures from Repeat Studies
For ADC values to be used for automated diagnosis of posterior fossa tumors, the analysis technique would need to be applicable to a wide variety of scanners. Stated differently, it is important to know if ADC value measurement for predicting tumor type depends on which MR scan is used when multiple scans are available. To address this issue, we measured ADCmin values and nADC values for the 12 patients who had multiple pretreatment MR scans and assessed whether determination of tumor type based on our optimal thresholds would differ between MR scans. A total of 35 MR scans existed for these patients, 22 from our institution and 13 from an outside institution.
Results
Pathology
Ten different tumor types were identified. Among these, 50 cases were determined at histology to be astrocytomas, 33 cases were medulloblastomas, and nine were ependymomas. The remaining 11 cases comprised three atypical teratoid/rhabdoid tumors, three choroid plexus papillomas, one benign choroid plexus mass, one glioblastoma, one high-grade teratoma, one malignant glioneuronal mass, and one case of Rosai-Dorfman disease (a lesion characterized by massive histiocytosis which, in our patient, presented as a cerebellar mass and was thought preoperatively to represent a tumor).
ADC measurements
Both mean ADC min (0.54 × 10 -3 mm 2 /s) and mean nADC (0.70) were lowest for medulloblastoma (Table 1 ). An example of a medul-of ADC values in predicting tumor histology. In cases where multiple imaging examinations were available, only the examination directly prior to surgery was used for this purpose. Two primary predictor variables were assessed. Minimum tumor ADC value (ADC min ) was defined as the lowest ADC value recorded of the three ADC measurements. The second variable was the ADC ratio (nADC). This was calculated by dividing ADC min by the mean of the two normal tissue ADC values measured in both putamina. We examined two primary outcomes: distinguishing medulloblastoma from all posterior fossa tumors and distinguishing medulloblastoma solely from ependymoma.
Four receiver operating characteristic (ROC) curves were generated to evaluate the performance of ADC min and nADC in distinguishing (1) medulloblastoma from other tumors and (2) medulloblastoma solely from ependymoma. Overall test performance for each of the four comparisons is reported in Table 2 using the area under the curve (AUC). We determined optimal ADC min and nADC thresholds to distinguish medulloblastomas from all tumors and medulloblastomas from ependymomas alone by maximizing accuracy for each comparison. Also reported for each optimal cutoff in Table  2 are sensitivity, specificity, positive predictive value, negative predictive value, and accuracy.
Measurement of Intra-Observer Variability
In order to assess intra-observer variability in distinguishing tumor types, rater 1 performed these measurements a second time in a random sample of 25 patients from the dataset after a delay of four weeks. We then measured the number of discrepant readings between the first reading and the second reading, i.e. the number of cases in which the observer would predict different tumor histology, using the optimal ADC min and nADC thresholds, between the first and second assessment. Agreement was reported using Cohen's kappa statistic.
Measurement of Inter-Observer Variability
To assess the inter-observer variability of the ADC min method, two additional raters (rater 2 and rater 3), both 3 rd year medical students blinded to histological diagnosis, were enlisted to measure ADC min within tumors on a GE Advantage Workstation (version 4.4). Six examinations could not be transferred due to incompatible formatting. Raters 2 and 3 assessed the Figure 1 , that of an ependymoma in Figure 2 and an astrocytoma in Figure 3 . Mean ADC min (1.28 × 10 -3 mm 2 /s) the same histologic diagnosis in 96% of cases. This produced a kappa value of 0.91. For the combinations of raters 1 and 3 and of raters 2 and 3, concordance was also reached in 96% of cases; in each comparison, the kappa value was 0.90. These findings indicate near perfect agreement among all raters.
Measures from Repeat Studies
The ADC min and nADC values for the 12 patients with multiple preoperative DWI examinations are shown in Figure 5 . The histological diagnoses in those patients included astrocytoma (n=9), medulloblastoma (n=1), and glioneuronal neoplasm (n=1, which was categorized as "other"). The magnitude of variation of ADC min and nADC for a given subject naturally differed between patients. Nonetheless, in only one case (with histological diagnosis of astrocytoma) would prediction based on the ADC min and nADC criteria on the first MR scan have differed from that predicted from the second MR scan. Although the initial MR scan, based upon our ADC min and nADC criteria, would have predicted the tumor not be medulloblastoma, values from a second MR scan would have incorrectly predicted the mass to be a medulloblastoma.
Discussion
The goal of this study was to evaluate ADC min and nADC as metrics for distinguishing medulloblastoma from other posterior fossa tumors in the hope that these metrics could serve as the basis for eventual use in CAD of posterior fossa tumors. For such use to be possible, it is mandatory that ADC min and nADC be highly reproducible for the purpose of discriminating tumor types. Although these values were solely helpful in predicting medulloblastoma (as opposed to other posterior fossa tumors), the results were indeed highly reproducible in that capacity, with little inter-observer variability even using a manual technique. The results would be expected to be at least as good using a program that scanned ADC values in a tumor in an automated manner. Even though our analysis did not provide a means to distinguish all other pediatric posterior fossa tumors from one another, it is feasible that DWI metrics could be used in conjunction with other imaging characteristics in a CAD program to help radiologists more accurately determine tumor and mean nADC (1.64) were highest for astrocytoma. Ependymoma and other tumor types each had a mean ADC min of 0.88 10 -3 mm 2 /s and mean nADC of 1.16. Medulloblastoma was the only group to show ADC min less than the ADC of normal tissue, i.e. a nADC less than 1.
Receiver Operating Characteristic Curves
Receiver operating characteristic (ROC) curves using ADC min and nADC to distinguish medulloblastoma from all tumors and solely from ependymomas are shown in Figure 4 . AUC was smallest, at 0.939, when distinguishing medulloblastoma from all tumors using nADC, and largest, 0.990, when distinguishing medulloblastoma from ependymoma using ADC min . AUC results for all four comparisons are shown in Table 2 , which indicates that ADC min appears to be a slightly better metric than nADC for distinguishing both medulloblastoma from all tumors and medulloblastoma from ependymoma alone. Nonetheless, both metrics appear to be very good for purposes of distinction of the major tumor types. Table 2 also shows the optimal test characteristics for a given threshold chosen by maximizing accuracy. Using an ADC min threshold of 0.66 10 -3 mm 2 /s, low ADC min correctly identified medulloblastoma from all other tumors in 86% of cases while elevated ADC min correctly excluded medulloblastoma in 97% of cases. With regard to specifically distinguishing medulloblastoma from ependymoma, a threshold ADC value of 0.675 10 -3 mm 2 /s properly classified these two tumors in nearly 98% of cases.
Intra-Observer Variability
Single observer repeated measurements in a random sample of tumors showed one discrepant case when distinguishing medulloblastoma from all other tumors using ADC min , yielding a kappa of 0.92. For the remaining comparisons (identifying medulloblastoma from all others using nADC and medulloblastoma from ependymoma using nADC and ADC min ) all values were concordant, yielding a kappa of 1 in each instance.
Inter-Observer Variability
The ADC min values for raters 1 and 2 were either both above or both below the threshold value of 0.66 × 10 -3 mm 2 /s in 96% of cases, indicating that their measurements would predict greater power to correctly predict tumor histology prior to surgery. We will test the ability of our ADC thresholds against the ability of neuroradiologists to correctly diagnose posterior fossa tumors in a future study.
Measurement of Both ADC Values and nADC for Distinguishing Tumor Types
Although, to the best of our knowledge, no studies have compared ADC min values and nADC for distinguishing posterior fossa tumors, our review of the medical literature did show three articles in which nADC values and mean ADC values (as opposed to ADC min ) were measured (but not compared) 8, 14, 24 . In one report, mean ADC values in medulloblastomas (0.66 × 10 -3 mm 2 /s) were significantly lower than in ependymomas (1.10 × 10 -3 mm 2 /s); an ADC threshold value of 0.90 × 10 -3 mm 2 /s was sufficient for distinction of the two tumors (as opposed to the minimum ADC value [i.e., ADCmin ] threshold of 0.675 × 10 -3 mm 2 /s in our study) 8 . In addition, those authors calculated nADC values using the mean ADC value, whereas we calculated nADC values using ADC min . In that study, the mean nADC value for medulloblastoma was 0.84 (as opposed to 0.70 using AD-C min in our study) and was significantly different from that of ependymoma, which was 1.39 (compared to 1.16 in our study). In another re-type. In fact, such studies using artificial neural networks to characterize brain tumors are already underway for adult brain tumors 5 . As an example, investigators are assessing pattern classification methods for discriminating between primary gliomas and metastases, as well as grading primary brain tumors 6 . Thus, larger studies encompassing greater numbers of pediatric fossa brain tumors, incorporating additional imaging features other than solely the ADC values used in our study, might produce a means to better discriminate between all tumors.
We found that both metrics provided a means to distinguish medulloblastoma from other posterior fossa tumors with a high degree of accuracy. The ADC min method was shown to identify medulloblastoma with a high degree of accuracy (93.2% when compared to all other tumors and 97.6% when compared solely to ependymoma, the other major fourth ventricular tumor). More importantly, ADC min used as a diagnostic test had a high positive predictive and negative predictive value, which is of particular relevance to clinical radiologists in interpreting radiological studies. For example, 97% of all posterior fossa tumors, regardless of other factors, with an ADC min greater than 0.66 × 10 -3 mm 2 /s were not medulloblastoma. Combined with other relevant clinical and radiological findings, ADC min would likely have even Figure 4 Receiver operating characteristics (ROC) curve for correct identification of medulloblastoma. The ROC curve for medulloblastoma identified from ependymoma using minimum tumor ADC (ADCmin) shown in blue and ADC ratio (nADC) shown in red. ROC curve for medulloblastoma identified from all tumors using ADC min is shown in black and nADC is shown in green. Medulloblastoma is correctly identified more often when using ADCmin versus nADC. vide an explanation as to why their results differed from most studies.
Our analysis also assessed normalizing tumor ADC by using the ratio of tumor ADC to normal tissue ADC, which has been studied by some other investigators 8, 25 . This procedure would overcome a systematic bias within a scan such as differences between MRI scanners. We tested the influence of scans from multiple institutions in our study by studying the 12 patients who had scans performed at multiple institutions. Only one of these cases would have had different diagnoses predicted based on the scans from two different institutions. In that single case, the nADC value provided the same diagnosis as the ADC min value on each scan. Since the ADC min provides the same diagnosis as nADC and given its slightly greater ease of use, ADC min alone is sufficient to predict tumor histology, even when analyzing cases from multiple institutions and MR scanners. However, future, larger prospective studies would be needed to confirm this conclusion.
In our study, we found only one tumor type with similar DWI characteristics to medulloblastoma, i.e. atypical teratoid/rhabdoid tumor, an uncommon tumor that occurs in the posterior fossa in children and histologically simulates medulloblastoma 26 . In fact, the similarity in water diffusivity characteristics between atypical teratoid/rhabdoid tumors and medulloblastoma has been noted in other studies 8, 14, 15, 27 , which can be explained by the similar cellularity characteristics of these tumors 14, 15 . In practical terms, the two tumors can usually be distinguished by location and age at presentation. About one half of atypical teratoid/rhabdoid tumors are in the supratentorial compartment whereas medulloblastoma is a posterior fossa tumor; approximately two thirds of infratentorial atypical teratoid/rhabdoid tumors are located in the cerebellopontine angle as opposed to medulloblastomas which, in children, occur in the fourth ventricle in approximately 80% of cases 28 . Age at presentation also differs between the two tumors. Atypical teratoid/ rhabdoid tumors usually present within the first 18 months of life whereas medulloblastoma presents over a much broader age range, with a mean age in the range of five to nine years 27, 29, 30 . Furthermore, about half of atypical rhabdoid tumors have hemorrhagic components (compared with approximately 5% of medulloblastomas). Nonetheless, on the occasions when a non-hemorrhagic atypical teratoid/rhabdoid tumor is located in the fourth ventricle, ADC port, the investigators found substantial overlap between ADC values of medulloblastomas and ependymomas and were unable to establish a threshold value that would distinguish these tumors 24 . However, in that study, the mean nADC value for medulloblastoma using the thalamus as the reference standard was 0.88 (compared to 0.70 in our study) and for ependymoma was 1.40 (compared to 1.16 in our study). In part, differences in nADC values between our findings and those two studies may be attributable to the fact that we measured the minimum ADC value within tumors (as opposed to the mean ADC value), which would provide a lower ratio when compared against normal brain. Finally, in one report which measured mean ADC values and nADC (using contralateral normal brain as control), the average nADC value in two medulloblastomas was 1.07; no ependymomas were assessed in that series 14 .
Our procedure to identify ADC min involves placing an ROI within multiple regions of the tumor, especially those regions that appear hypodense on the ADC map, until the minimum ADC value is obtained. We measured ADCmin , as opposed to mean ADC values, in order to avoid the confounding feature of the large degree of tumor heterogeneity due to such factors as cystic areas 18 . This system has the advantages of excluding measurement of cystic and edematous regions, which typically have elevated ADC, as well as being more objective than subjectively determining a representative region of tumor and measuring ADC values within it. Measurement of mean ADC values or ADC min values can allow unintended inclusion of normal tissue as well as regions of calcification and hemorrhage (that can contribute markedly reduced ADC values). Not surprisingly, in some studies, use of the mean ADC value resulted in substantial overlap between ADC values of various tumor types and a relative inability to discriminate tumor types 18 .
ADC min values for analysis of tumors have been employed by other investigators 15, 19 . For instance, in one small study, the authors found significant differences between ADC min of medulloblastoma (0.54 × 10 -3 mm 2 /s) and that of ependymoma (0.91 × 10 -3 mm 2 /s) 15 . In another study, use of ADC min values discriminated medulloblastomas (0.67 × 10 -3 mm 2 /s) from lowgrade ependymomas (1.11 × 10 -3 mm 2 /s) 19 . Notably, in one study, considerable overlap was seen between ADC min of medulloblastoma and that of ependymoma 18 ; the authors did not pro-rect assessment of relative disease frequency, a feature to which positive and negative predictive values are sensitive. We attempted to minimize misrepresentation of any one tumor incidence (which could bias our results) by including all pediatric posterior fossa tumors evaluated at our tertiary care institution. In fact, the disease incidence observed within this study is similar to previous reports 7 . Thus, it appears likely that the positive predictive value and negative predictive value reported here are applicable to other institutions with similar proportions of astrocytomas, medulloblastomas, and ependymomas. Importantly, a prospective study design would not necessarily have avoided selection bias because no guarantee exists that all presenting patients would be included. Another factor that justifies a retrospective study of pediatric posterior fossa tumors is the relatively low incidence of such tumors, which precludes a single center prospective study; the time to achieve a sufficiently large sample would be impractical. Although a multicenter trial would allow faster patient enrollment, such a study would be costly and challenging to implement. Thus, a reasonable argument can be made that a retrospective study design is appropriate for our study.
One objection that might be introduced with regard to our study is that specific noninvasive diagnosis of tumor type is not important for pediatric posterior fossa tumors because all such lesions will be surgically resected. However, our study is intended to advance the state of knowledge that would be needed to advance the field of CAD in tumor assessment generally. The use of ADC values to distinguish tumor types could well serve not solely to make a specific diagnosis of tumor type but also to assign tumor grading, assess tumor response and distinguish tumors from those entities that mimic tumors 6 . The DWI metrics we evaluated provided a threshold of values that were highly reliable in distinguishing medulloblastomas from other posterior fossa tumors. Predictions made using this threshold were highly reproducible among observers. Thus, these metrics have a potential role in tumor assessment as CAD programs for brain lesion classification develop. Although in our study these metrics could not reliably distinguish other pediatric posterior fossa tumor types from one another, it seems feasible that, when other imaging characteristics are taken into account, a program to better distinguish such tumors could be developed with the aid of CAD.
values are not likely to be able to distinguish the lesion from medulloblastoma.
Few studies investigating water diffusivity characteristics in pediatric brain tumors have measured positive predictive value and negative predictive value, which are key elements in clinical practice. In one study, Ji et al. categorized tumors as either low-grade (n=49) or high-grade (n=29), a composite of medulloblastoma and high-grade ependymoma 19 . Fortyseven percent of the low-grade tumors were ependymomas and 25% were pilocytic astrocytomas, while 90% of the high-grade tumors were medulloblastomas; thus, the distribution of tumors was relatively similar to our study. The authors used an ADC min threshold of 0.90 mm 2 /s to discriminate high-grade tumors from low-grade tumors (rather than specific tumor types), which yielded a positive predictive value of 97% and negative predictive value of 98%. This positive predictive value is somewhat higher than the 87% positive predictive value (for an ADC min threshold of 0.66 mm 2 /s for discriminating medulloblastoma from all tumors in our series), but the negative predictive value is essentially the same as in our series (i.e., 97%). Differences between the study of Ji et al. and our study are likely related to differences in study design. While that study defined the outcome of interest as identifying medulloblastoma or high-grade ependymoma from other tumors, we sought to identify only medulloblastomas from other tumors. Highgrade ependymomas with restricted diffusion would be regarded as true positives by Ji et al. but as false positives in our study, leading to a reduced positive predictive value. Our lower ADC min threshold reflects this difference in outcomes.
Our techniques can be easily implemented because many institutions already regularly perform DW imaging thus additional imaging time will not be required. Additionally, 32% of the MR scans in our patients were from outside institutions having a wide variety of MR scanners suggesting that the results are not scanner or institution-dependent. Finally, our ADCmin method is simple, easy to use, and relatively reproducible such that it may be possible to incorporate this method into a CAD algorithm or a manual rater-based system.
One potential study limitation is that our investigation is retrospective in nature. Major problems of retrospective studies include recall bias (which is not an issue in our study) and selection bias, which can produce an incor-
